v" Selective sacral neurectomy was performed in 12 patients with intractable urge incontinence of long duration (mean 12 years) caused by detrusor hyperreflexia. There was great variation in the innervation of the bladder, but resection of an S-3 root or rootlet was carried out in all patients. Six of the patients, who were followed for a mean period of 5.8 years, were cured, and symptoms recurred in two patients after 1 89 and 2 years. In patients whose detrusor hyperreflexia recurred, the amplitude of the bladder contractions was significantly lower. This treatment appears reasonable in patients with severe intractable voiding dysfunction caused by detrusor hyperreflexia.
U
'RGE incontinence caused by detrusor hyperreflexia is frequently found in patients with lesions of the upper motor neurons. In many patients the symptoms can be improved by traditional treatment such as pharmacological therapy, but some show little or no improvement with this treatment. In these patients with intractable incontinence, nerve roots to the bladder have been surgically resected in an attempt to improve the symptoms by breaking the reflex pathway. Initially, the objective was complete denervation of the bladder in paraplegic patients so as to increase renal function. 9 However, when voiding dysfunction is the primary problem and patients are ambulatory, adverse effects on the rectum, sphincter muscles, and legs must be avoided. For this reason, selective sacral neurectomy of the roots innervating the bladder, including the use of microsurgical techniques, was introduced at the end of the 1960's. Early results have been promising 2'17'22-24 but contradictory long-term data have been reported. 8' 14 ' 17' 22' 24 This study describes the technique of recording simultaneous responses in the rectum, sphincter muscles, and bladder after stimulation of the sacral roots during microneurosurgical intervention. In addition, followup examination 2 to 8 89 years after the sacral neurectomy is reported (one patient refused reexamination).
Clinical Material and Methods

Patient Population and Preparation
Selective sacral neurectomy was performed in two men and 10 women (mean age 40 years, range 23 to 50). Informed consent was obtained from each patient before operation. In all 12 cases the detrusor hyperreflexia and urge incontinence had lasted more than 5 years (mean 12 years) before treatment, and all were resistant to traditional treatment. The general physical condition was graded as described previously: 6 a score of 30 represented maximum disability and 0 indicated normal function. The diagnosis was cerebral thrombosis in Case 3, encephalopathia in Case 7, and multiple sclerosis in the other 10 patients.
Cystometry was performed with the patient in a supine position with a transurethral balloon catheter in place. Isotonic saline, 15 ml/min, was infused and the intravesical pressure was recorded continuously. This technique is described in more detail elsewhere. 16 The following parameters were recorded: bladder sensibility, detrusor hyperreflexia (as defined by the International Continence Society7), and static bladder compliance (defined as the change in bladder volume for a given change in resting pressure). Compliance above a score of 20 was considered normal. In all patients bladder capacity was above 300 ml either spontaneously or after a spinal or intravesical lidocaine nerve block. Cystometry and cystourethrographic examination were conducted before and periodically after neurectomy. The anal sphincter reflex was tested by electrical stimulation ~s in 10 patients before neurectomy. In the first five patients, sacral nerve root block followed by cystometry was performed; in the later patients, this procedure was stopped when we found intraoperative stimulation to be a more accurate means of identifying the innervation of the bladder.
Surgical Procedure
Pethidine, superficial nitrous oxide, was used to induce anesthesia because halothane was suspected of abolishing detrusor contractions in the first three patients. With the patient in the prone position, a midline incision was made over the os sacrum and the sacral foramina were identified. A burr hole was made in the lamina immediately cranial and medial to the S-2 foramina. After enlarging these openings cranially to the upper edge of the sacral bone, all the sacral roots were exposed. The intact roots (S-1 to S-5) and rootlets were stimulated extradurally with a bipolar hook electrode. In the last eight patients in this series, a train of 99 square-wave electrical pulses, each with a low current amplitude of 2.5 mA and a duration of 0.5 msec (separated by 35 msec), was used. This type of stimulation was found most useful in eliciting a reaction from the bladder, the rectum, and the pelvic sphincter muscles. Previously, a stimulation amplitude of 16 to 20 mA and a shorter train was used, but this triggering was found to be insufficient to evoke detrusor contractions. With a bladder filling of approximately 100 ml, simultaneous pressure responses were recorded from the bladder, the sphincter muscles, and the rectum (Fig. 1 ). 
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The urethral sphincter muscle pressure was recorded only in the last seven patients. Responses of the feet to stimulation were also registered. The roots giving the highest bladder response were selected; in these, the epineurium was opened under the microscope and the roots were separated into rootlets. Usually five rootlets were seen in S-2 and S-3 roots, corresponding to a previous report. 2~ Roots or rootlets triggering a strong and/or selective bladder contraction were resected, especially when efferent stimulation (the most distal electrode negative) gave the strongest response. The efferent dominating roots were preferred for resection, since anterior root resection has been recommended for relief of spasticity in the legs. ~3
Postoperative Course
The urethral catheter was left in place for 1 to 2 days, then intermittent catheterization was used every 3 hours until bladder emptying was sufficient. In one patient (Case 10) who suffered a wound infection, the catheter was left to drain the bladder until the wound was healed and the sutures were removed. After the catheter was withdrawn, a strict voiding schedule was instituted when necessary. Late follow-up examination included cystometry, cystourethrographic examination, and anal sphincter reflex measurements. In one patient (Case 3) urinary incontinence recurred after 3 months and an ileal conduit for urinary diversion was performed 3 years after the sacral neurectomy. No further studies were performed on that patient for this series. Another patient (Case 5) was not examined after 2 years, because of severe deterioration in her general physical condition. A third patient (Case 6) refused reexamination.
Statistical Analysis
Differences between the values obtained before treatment and at the last examination were analyzed statistically by the paired t-test.
Results
Preoperative Evaluation
Voiding dysfunction was severe with daily incontinence episodes ranging from one to 32 times (mean 11) and frequent micturition ranging from 10 to 48 times a day (mean 17). The lower-limb function varied from normal to complete paralysis and total disability score ranged from 6 to 17 (Table 1) . Detrusor hyperreflexia with very high pressure amplitudes was observed in all patients (Table 2) . No infravesical obstruction was seen at cystourethrographic examination.
Intraoperative Findings
Detrusor contraction was evoked by S-3 nerve root stimulation in all patients, but was also evoked by stimulation of the S-2 roots in 11 patients and by stimulation of the S-4 roots in nine patients. The number of roots and rootlets resected corresponding to high and/or selective bladder pressure response is shown in 
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1. Schematic diagram of the method used in recording simultaneous pressure responses from the bladder, sphincter muscles, and rectum after sacral root stimulation. Table 3 . The number of roots and rootlets resected varied widely between individuals and was not related to recurrence of detrusor hyperreflexia or symptoms (Table 3) . After resection of the main root or rootlets to the bladder, bladder contraction evoked from the other roots could disappear at restimulation. In five patients, the S-1 nerve roots were also exposed and bladder contraction was evoked in four, but in no cases were the S-1 roots resected. The S-5 root was localized in five patients and resected in one. On stimulation, the bladder responded with sustained contractions and the sphincter muscle responded with immediate but poorly sustained contractions. Anal sphincter responses were primarily mediated through S-2 root stimulation, but were also seen from all the other roots, especially those of S-3. A close anatomical relationship was seen between rootlets to the detrusor and sphincter muscles, and only seven of the resected roots and rootlets were without sphincter reaction. Flexion of the foot was 
J. Neurosurg. / Volume 68/February, 1988
evoked by stimulation of the S-1 roots in all patients, but flexion could also be provoked by stimulation of the S-2 and S-3 roots. Rectal pressure responses were elicited from all roots. The relationship between the innervation of the detrusor, the rectum, and the sphincter muscles varied randomly, but the relationship between sphincters was close.
Complications
During surgery, two roots were accidentally abolished without side effects. Persistent problems with hemostasis made separation of the roots impossible in two patients (Cases 7 and 9). Wound infection with a late complication was seen in one patient (Case 10). (+) no no * + = total root resection, (+) = rootlet resection.
Outcome
At follow-up examination 1 89 years after neurectomy, urge incontinence was cured in eight patients (Table 3) . In four of these, a recurrence of detrusor hyperreflexia was noted, followed by a return of urge incontinence in two. In one patient (Case 5) these symptoms could be explained by deterioration of her overall physical condition.
Cystometry performed at the last follow-up examination showed a significant reduction in mean pressure amplitudes during detrusor hyperreflexia (Table 2) , low bladder compliance in two patients, and normal bladder sensibility in all but one. The anal sphincter reflex could be compared with preoperative values in seven patients and showed unchanged minimal latency in all, but increased threshold was noted in three patients (Cases 7, 8, and 9). Cystourethrographic examination showed development of bladder serration in one patient. No ureteral reflux was observed at the last follow-up examination.
Side Effects
Bladder-emptying disability was present in four patients with normalized symptoms; this required transurethral bladder neck resection in one and intermittent self-catheterization in two. In the remaining patients, bladder evacuation returned to normal immediately after or within a few months of the neurectomy. Sexual performance was reported reduced compared with preoperatively in one male patient. Obstipation was a problem in three of the patients, but could be treated sufficiently with cathartic agents. Occasional flatus incontinence was reported in one patient (Case 9). There was no evidence in this series of deterioration of the voiding dysfunction or skeletal muscle impairment due to the operation.
Discussion
In the majority of these cases, the most prominent response in the bladder was produced by S-3 nerve root stimulation, with a fight-sided predominance as reported previouslyY ' 8' 1~ Contribution from the other sacral roots was seen in all cases but often resection was impossible because of simultaneous rectal, sphincter muscle, or lower-limb responses.
At the late follow-up examination, half of the patients were relieved from urge incontinence and two patients had normalization of symptoms 1 89 years after the operation. These results are in agreement with previous reports. 2' 8 Disappointing long-term findings have been reported previously, varying from a return of symptoms in all patients within 1 year TM to a poorer outcome than reported here. 3' 17' 2z-24 The better results obtained in this series may be explained by the resection of the S-2 roots and rootlets in many patients. Even so, recurrence of detrnsor hyperreflexia was seen within 2 years in six patients. Several explanations for these relapses have been proposed; these include the devel-opment of alternative reflex pathways and sprouting of alpha-adrenergic nerve terminals in the bladder after parasympathetic decentralization. ~~ In addition, regenerative changes with re-formed cholinergic and peptinergic axons and smooth muscle in the bladder have been shown after sacral neurectomy in animal studies. 4 One of the relapses in our series could also be explained by a deterioration in the patient's general physical condition.
Decreased bladder compliance has been observed after total sacral neurectomy, 1~ resulting in unchanged voiding dysfunction, it In animal investigations, total bilateral sacral decentralization was followed by increased stiffness and thickening of the bladder wall. 5 However, this risk seems small, since in the series reported here only two patients treated with this procedure showed decreased compliance; one of these patients was continent and no urinary tract deterioration was seen.
In this series of patients, innervation of the sphincter muscles was mainly mediated through the S-2 and S-3 roots, as was described in a previous report. 19 In many of the patients the anal sphincter reflex was unaltered, similar to the unchanged resting urethral sphincter pressure reported elsewhere. 12' 24 However, the threshold of the anal sphincter reflex was increased in three of the patients, the increase being most marked in the patient with flatus incontinence. In this patient, separation of the roots into rootlets was impossible because of persistent bleeding. Other side effects, such as dysesthesia at the wound area, ~4 were not observed. Sexual potency was reported reduced in one male patient; this finding was in disagreement with previous reports, where sexual potency was unaltered. 2 ' 24 During the last few years, sacral anterior root stimulators have been developed for bladder control in neurological patients with voiding dysfunction. 1,~8 This method involves complete denervation of the relevant sacral dorsal roots and, since the stimulation is painful, only patients with complete suprasacral lesions may benefit from the use of this stimulator. Also, ganglionectomy has been described in these patients and should produce a more stable depression of the detrusor hyperreflexia." In the patients described in this study, preservation of lower-limb and sphincter muscle function is mandatory, and therefore none of the above methods were available. Since half of the patients with intractable severe urinary incontinence were cured, we conclude that sacral neurectomy is reasonable, especially when treatment is available for the bladder-emptying disability that may arise.
